Asthma is a multifactorial chronic respiratory disease characterised by recurrent episodes of airway obstruction. The current management of asthma focuses principally on pharmacological treatments, which have a strong evidence base underlying their use. However, in clinical practice, poor symptom control remains a common problem for patients with asthma. Living with asthma has been linked with psychological co-morbidity including anxiety, depression, panic attacks and behavioural factors such as poor adherence and suboptimal self-management. Psychological disorders have a higher-than-expected prevalence in patients with difficult-to-control asthma. As psychological considerations play an important role in the management of people with asthma, it is not surprising that many psychological therapies have been applied in the management of asthma. There are case reports which support their use as an adjunct to pharmacological therapy in selected individuals, and in some clinical trials, benefit is demonstrated, but the evidence is not consistent. When findings are quantitatively synthesised in meta-analyses, no firm conclusions are able to be drawn and no guidelines recommend psychological interventions. These inconsistencies in findings may in part be due to poor study design, the combining of results of studies using different interventions and the diversity of ways patient benefit is assessed. Despite this weak evidence base, the rationale for psychological therapies is plausible, and this therapeutic modality is appealing to both patients and their clinicians as an adjunct to conventional pharmacological treatments. What are urgently required are rigorous evaluations of psychological therapies in asthma, on a par to the quality of pharmaceutical trials. From this evidence base, we can then determine which interventions are beneficial for our patients with asthma management and more specifically which psychological therapy is best suited for each patient.
Introduction
Asthma is a multifactorial chronic respiratory disease, characterised by recurrent airway inflammation and respiratory symptoms which include wheeze, shortness of breath, chest tightness and cough [1] . Asthma prevalence is variable between countries but can affect up to 18 % of the population [1] . The mainstay of current asthma treatment is pharmacological, and the armamentarium of pharmaceutical interventions has been shown in trials to achieve high levels of asthma control. However, in clinical practice, poor control remains a residual problem, impacting on quality of life and resulting in absenteeism from school and work.
Since the beginning of the twentieth century, it has been recognised that asthma is a condition in which psychological factors play a major role [2, 3] . Living with asthma has been linked with psychological co-morbidity including anxiety, depression and panic attacks. Psychological comorbidities have a higher-than-expected prevalence in patients whose asthma is difficult to control. This association may be due to the fact that people with asthma and people with psychological disorders, such as depression and anxiety, have similar patterns of dysregulation of key biological systems, including the neuro-endocrine stress response, cytokines and neuropeptides [4] . Twin-pair studies provide evidence also of a genetic link between atopic and depressive symptoms [5] .
This review identifies and critiques the psychological therapies that have been used in the management of asthma to achieve modification to the patho-physiological processes of disease causation and improve lung function and wellbeing of patients.
Psychological therapies used in the management of asthma
Many different psychological therapies, individually and in combination, have been used in the management of patients with asthma. The diverse approaches range from behavioural and cognitive therapies to relaxation techniques and therapeutic writing. The most commonly used psychological therapies in western medicine, and their key characteristics, are briefly described below:
Behavioural therapy
Behavioural therapies are concerned with identifying the processes by which behaviour has been learned (this could be by observation, association or reward). Behaviour modification is then achieved through a variety of interventions including reward/punishment and bio-feedback. In this form of therapy, it is the patient's behaviour, rather than their underlying motivations or cognitions that are the focus of interventions.
Cognitive therapy
Cognitive therapy involves identifying unhelpful thoughts that the patient may have, e.g. inappropriate fear of an asthma attack that can then trigger episodes of wheeze. The therapy enables constructive management of these damaging thoughts. Information is also used to modify cognitions, for example, an explanation of the relationship between anxiety and bronchoconstriction. In the literature, the term cognitive therapy is sometimes used synonymously with cognitive behavioural therapy (CBT).
Cognitive behavioural therapy
CBT, as it name implies, incorporates core elements of both behavioural and cognitive models of therapy. CBT places emphasis on the patient resolving their problems by developing and practising coping strategies.
Relaxation techniques
Recognising that anxiety and stress play a role in the onset and in the exacerbation of asthma symptoms relaxation methods have been tried to reduce panic and fear and to consciously produce the body's relaxed state characterised by slower breathing, lower blood pressure and a sense of calmness. Relaxation therapies include meditation, progressive relaxation (creating tension and relaxation systematically in different body parts), autogenic training (attending to bodily feelings and mentally controlling these) and hypnosis (deep relaxation induced by mental imagery). The use of relaxation therapies in the general asthmatic populations was the focus of a systematic review by Huntley in 2002.
Therapeutic writing
Therapeutic writing has been linked to improvements in physical and mental health in many scenarios [6] . Therapeutic writing takes two major forms, facilitated (where a facilitator is present during the writing process) or unfacilitated (writing is completed without assistance or feedback). It is a form of the latter, called written emotional disclosure, which has been studied most widely in asthma.
Counselling
Counselling is a psychological practice which enables conversation and the talking-over of problems one with another. Rather than the structured approach used in other therapies such as CBT, counselling involves more fluid exploration of the patient's immediate concerns, and these concerns may change from session to session.
Bio-feedback
Bio-feedback is commonly used to treat anxiety and stress. It involves the patient learning to monitor biological indicators and to control these using relaxation techniques. Biofeedback is classified as a behavioural intervention when feedback to patients acts as reinforcement for positive or negative behaviours.
Psycho-educational interventions
Psycho-educational interventions are complex interventions involving education, training in self-management and targeting psychosocial issues [7] . Psychoeducational interventions are often provided by the regular health care provider (doctor, nurse or pharmacist) and frequently involve some written as well as verbal information.
The majority of the psychological therapies described above are practitionerled, but, between therapeutic sessions, the patient may be required to practise the technique. Unlike pharmacological interventions, the individual therapies are not standardised in terms of their content, the duration of therapeutic sessions or the number of sessions offered. Some therapies can be delivered to groups of patients, and it is possible that the social interaction within a supportive non-judgemental peer group may facilitate the therapeutic effect by boosting self-esteem. In clinical practice, the person acting as 'therapist' might be the patient's regular doctor or a member of the wider multidisciplinary team (nurse or health psychologist), but, in trials of psychological interventions, the 'therapist' is often a member of the research team. Basic training in psychological therapies is available from short courses, or individuals can become accredited after postgraduate studies approved by organisations such as the British Association for Behavioural and Cognitive Psychotherapies, the American Counselling Association, the National Board for Certified Counsellors or the Canadian Counselling and Psychotherapy Association.
Evidence of efficacy of psychological interventions
Since 2005, three systematic reviews of psychological interventions for patients with asthma have been conducted; one Cochrane review addressed psychological interventions for children [8] , another those for adults [9] with asthma severity ranging from mild to severe, and the third systematic review addressed psycho-educational interventions for both adults and children focusing only on those with severe asthma [7] .
Psychological interventions for children with asthma
Twelve randomised controlled trials of psychological intervention for children and adolescents under the age of 18 years were identified in literature searched up to April 2007. The trials used four broad psychological approaches; six studies included an element of relaxation in their intervention [10] [11] [12] [13] [14] [15] [16] , two included cognitive behavioural therapy [17, 18] , and three used biofeedbackassisted relaxation and one behavioural therapy [14, [19] [20] [21] . Different placebos or controls were used, and rarely was the therapy delivered in its pure form, but, instead, therapists often combined therapies or tailored them to the individual's needs. There were 588 children involved in the 12 trials; sample size varied from 18 to 112. The quality was poor, for example, no study reported a power calculation to determine sample size. Few studies identified the severity of the child's asthma or independently confirmed their asthma diagnosis. The outcomes measured were diverse, ranging from health service utilisation, lung function, symptoms of asthma, medication use, school absenteeism, psychological traits (e.g. coping, anxiety, depression, self-efficacy), quality of life and asthma-related knowledge.
When studies are small and findings inconsistent, it can be helpful to combine the observations into meta-analyses. Unfortunately, with a total of 22 different outcome measures and the diversity of psychological therapies trialled, only data from two studies of relaxation therapy could be pooled for analysis [10, 16] . The meta-analysis demonstrated a positive effect of relaxation therapy on lung function (PEFR) in the intervention group (32 L/min, 95 % CI 13 to 50 L/min). The authors correctly concluded that, from their systematic review, it is not possible to draw firm conclusions as to the benefit of psychological interventions in children with asthma [8] .
Psychological interventions for adults with asthma
The equivalent systematic review for adults identified 15 randomised controlled trials of psychological interventions in adults with asthma in a search of the literature up until May 2007 [9] . The range of interventions studied was diverse; nine trials included one of six types of relaxation therapy [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] ; four studies used behavioural therapy [30, [32] [33] [34] (three explicitly used biofeedback [30, 32, 33] ; three incorporated cognitive behavioural therapy [28, 35, 36] , one written emotional disclosure [28] and one included psychoeducational techniques [34] . The trials were generally small (range 12 to 106 patient), totalling 687 patients between them. The severity of the asthma ranged from mild to severe, but unfortunately not all studies defined their inclusion criteria, a fundamental piece of information. In the individual trials, the following positive outcomes were reported: and improved self-efficacy (MD 11.80 95 % CI 6.64 to 16.96) [31] Given the wide variety of outcome measures used across these 15 trials, the possibility of meta-analyses was limited. However, three potentially promising results did emerge regarding biofeedback improving lung function (PEFR) [30, 32] , cognitive behaviour therapy improving quality of life [34, 35] and relaxation therapy improving medication use [23, 31] . No therapy impacted on health service utilization or any other measure of frequency, duration or severity of asthma symptoms. As with the paediatric systematic review, the author's concluded that, due to the very poor methodological quality and small sample size of the trials, it was not possible to draw firm conclusions or to provide evidence to clinical practice of the effectiveness of psychological interventions for adults with asthma [9] .
Psychoeducational interventions in severe asthma
In 2007, a systematic review was published focussing only on psychoeducational interventions and their contribution to the health and selfmanagement outcomes in adults with severe or difficult asthma [7] . Seventeen studies were included which were divided into four categories: four self-management [37] [38] [39] [40] , three as educational [41] [42] [43] , three as psychosocial [34, 35, 44] and seven as multi-faceted involving a combination of approaches [45] [46] [47] [48] [49] [50] [51] . Characteristics and content of interventions varied even within broad therapy types, and unfortunately, methodological quality was generally poor. [44] , symptoms and respiratory function [34] , panic attacks and anxiety symptoms and peak flow [35] . Psycho-educational interventions may improve self-management, reduce hospital admissions in adults and children and improve symptoms in children, but these positive effects observed from qualitative and quantitative syntheses were all short-term. Furthermore, benefit was confined to patients with a single risk factor associated with adverse outcomes, and the authors concluded that they were unable to identify any evidence of significant changes in the care of patients challenged by multiple clinical and psychosocial factors.
Recent evidence of psychological interventions in the management of asthma
Since 2011, six further publications have been identified in this field, two of which were systematic reviews and the remainder consisted of individual studies designed to test the effects of CBT, written emotional disclosure and psychoeducational on asthma outcomes.
Cognitive behavioural therapy (CBT)
CBT combined with education was used in one recent British randomised controlled trial to reduce asthma-specific fear in adults with asthma [52•] . The participants were a well-defined group of patients. To be eligible for the trial, patients had to have clinical anxiety (Hospital Anxiety Score of 8 more) and fear of asthma with a score of 928 on the Asthma Symptom checklist panic fear sub scale. The intervention was a booklet about asthma and one-to-one therapy sessions. There was an introductory session of 90 min, followed by four, five or six 1-h sessions at weekly or fortnightly intervals, and two further optional sessions. The intervention had no impact on the general levels of anxiety, but the end of treatment reduction in panic-fear was maintained at 6 months follow-up. The significant improvements in asthma-specific quality of life and depression observed immediately following CBT were not maintained at 6 months. The intervention had no impact on service use, and as the intervention cost between £378 and 798 per participant, the treatment had no cost advantage. This study appears to support the short-and longer-term efficacy of a CBT-based intervention in reducing panic fear in asthma, but, in the author's own words, the 'clinical significance of the effect was modest'. Once again, caution is required interpreting these results as there were methodological weaknesses in the study including clinical assessment post-randomisation with subsequent diversion of some patients to alternative treatments. Also in 2012, there was published the results of a pilot prospective cohort study of a nurse who delivered CBT on anxiety and quality of life for children aged between 7 and 16 years [53•]. The intervention was six sessions every fortnight conducted by a respiratory nurse specialist who had received basic training in behaviour therapy techniques. The programme was described as CBT, but the descriptor is that of a multi-model intervention with mindfulness, breathing exercises and relaxation mentioned alongside CBT and behaviour therapy in the text. Ten out of 17 children completed the course, and their participation was associated with increased asthma quality of life and decreased anxiety and hyperventilation [53•] . This study was observational in design, and it confirms the feasibility of a nurse-led approach, but its quality as a body of evidence of effectiveness of the intervention would be classified as low in the GRADE approach to classification of evidence [54] . Confirmation of effectiveness will require a randomised controlled trial.
Non-pharmacological healthcare interventions for asthma management during pregnancy
Pharmacological therapy for asthma always aims to control symptoms and achieve the best lung function with the lowest effective dose of medication. During pregnancy, women's concerns regarding the safety of pharmacological agents and health professional's lack of certainty can lead to a combination of under-dosing and poor adherence. This threat to good asthma control heightens the need for effective non-pharmacological interventions that can be used pregnancy. Whilst reviews have been published on asthma management in pregnant women and on psychological interventions in the general asthmatic population, none had specifically focused on pregnant women. A 2014 systematic review [55•] found and analysed three studies, an education program [56] , progressive muscle relation [57] and Fraction of exhaled Nitric Oxide (FeNO) guided management of asthma in pregnant women [58] . The PMT and the FeNO-guided interventions showed significant improvements in maternal asthma control (lung function and quality of life) and the baby's birth weight.
The study of most relevance to our discussion of psychological interventions is that of progressive muscle relaxation [57] . In this randomised controlled trial, PMR was compared with sham training; improvements were seen in measures of lung function (FEV1 and PEFR) and in some measures of quality of life (five of eight domains on the SF-36 (role physical, vitality, social functioning, role emotional, mental health), and two of five scales on the State-Trait Anger Expression Inventory (State-Anger, Trait-Anger)). The weaknesses of this study include lack of allocation concealment, no information on reasons for withdrawal and no confirmation that participants followed the instructions. Follow up was conducted after 8 weeks; therefore, this study does not tell us whether a PMR intervention would have had similar effects in the longer-term, during asthma exacerbations or in women at different gestations.
Written emotional disclosure
A Cochrane systematic review published in 2014 focussed on the effects of written emotional disclosure on asthma [59•] . The review identified four randomised controlled trials. Three focussed on its effectiveness in adults and one in children and young people (aged 12 to 17 years). In all four trials, the interventions used were clearly defined and very similar, but the variety of outcome measures used and the variation in the frequency and timing of post-intervention assessments limited the range of calculation possible for meaningful pooled effects. It was possible to combine the results from studies to examine the impact of WED on lung function, symptoms and asthma control, and in all of this writing, therapy had no effect. The review concluded that there was insufficient evidence to support written emotional disclosure in the treatment of individuals with asthma. The data seem to suggest that positive results are observed when the intervention is offered to those with moderate rather than mild asthma, as evidenced by the Smyth study [60] . Sub-group analysis using hierarchical linear modelling conducted on the data generated by Smith trial found improvement only in those whose asthma was moderate (65-85 % FEV 1 % predicted at baseline) [61•] . It may be that asthmatics need to be sick enough to show benefit but not so sick that the biological disease processes overrides any psychological influences on their asthma. This interesting possibility will require studies with sufficient participants that they can be stratified by their asthma severity.
Psycho-educational interventions
In 2011, a research group in the US published their findings from a feasibility study of manualised stress management intervention for 7-12-year-olds [62•] . The intervention was an adaptation of a generic stress management intervention ('I can cope') that is based on the principles of CBT. The therapy is six in 50-min individual sessions, with didactic training followed by a 20-min relaxation exercise. The relaxation exercise was also to be practices for 15 min each day. The therapy was delivered by graduate students who had received basic training in CBT, stress, asthma, emotions, problem solving and coping skills, and relaxation with physiological feedback. The first feasibility study was base in a university setting did not provide compelling support for feasibility, but representativeness and recruitment were boosted by adapting the intervention for a school setting. Participants showed improvement in psychosocial (stress and mood) and pulmonary function from pre-to post-intervention, but, without randomisation, it is impossible to exclude that the positive changes observed are as a result of regression to the mean rather than intervention-related improvement.
Current recommendations
Whilst psychological and psychosocial factors are recognised as a risk factor for asthma-related morbidity and mortality in international guidelines and the most recent BTS/SIGN and GINA guidelines recommend psychological interventions are offered to promote adherence, there are no recommendations of psychological therapies to improve health outcomes. The GINA guidelines do acknowledge that psychological interventions may be beneficial in those with severe asthma (Table 1) .
What are the challenges for research?
The challenge for clinical research is as always to produce clinically meaningful data from robust, high-quality, randomised controlled trials. Whilst there is a steady increase in publications about psychological interventions for people with asthma, the improvements in research quality have been slow and hence have generated little expansion in evidence, to underpin the adoption or otherwise of non-pharmacological therapies for asthma. Even studies that are randomised provide weak evidence as they are characterised by small sample sizes, lack of adequate control group, formal randomisation and double blinding. Few studies report the mechanism for confirming asthma diagnosis and rarely describe participants' psychological profiles.
Asthma severity, if reported, is often mild or moderate. However, it is severe asthma, which affects less than 10 % of patients, that accounts for 50 % of the health service costs associated with asthma. Studies of psychological therapies need to focus on this group specifically or at least stratify participants by asthma severity so that analysis can be conducted within subgroups. Similarly, we need to discontinue the habit of screening for psychiatric morbidities and then exclude anyone with any mental health problem, as these may be just the individuals that can most benefit from a psychological intervention. Clinicians' observations seem to support this perspective; they often have anecdotes of positive benefit for individuals from psychological interventions. We propose that this discrepancy may in part arise because, in clinical practice, psychological treatments are often reserved for distressed patients with severe or poorly Psychosocial problems or psychiatric disease identified as a risk factor for asthma-related death controlled asthma whereas study populations (with their well-controlled mild asthma and no psychological morbidity) are less able to benefit. When trials are inadequately powered, the findings can sometimes be pooled to achieve clinically meaningfully results. However, meta-analysis cannot overcome the shortcomings of poor-quality trials. Similarly, meta-analysis cannot cope with the variety of outcome measure used, even when studies are using a therapy from the same category. To facilitate pooling of results, studies need to be standardised with respect to outcome measures and the frequency and duration of post-intervention assessments. The majority of studies conduct very short follow-up, between 1 and 3 months post-intervention. Resources often limit follow-up, but wherever possible, a 12-month post-intervention assessment is desirable as it suggests sustainability and eliminates the possibility of bias arising from symptom changes with seasonality.
What are the challenges for clinical practice?
The challenge for clinical practice is that the 'jury is still out' with respect to psychological interventions for patients with asthma. Whilst the rationale for their utility may seem strong (they are attractive to both clinicians and patients who wish to moderate or augment pharmacological therapy and there is anecdotal evidence of success in the management of individuals), the evidence of their effectiveness from studies is weak and inconsistent. The recent attempts to pool data to strengthen our evidence base for the benefit of psychological interventions do not generate significant or firm conclusions. Hence, clinical guidelines make appropriately no or very speculative recommendations about the adoption of psychological interventions in clinical practice.
There is an inadequate evidence base for the introduction of psychological therapies for adults and children with asthma. For those clinicians already using them in their clinical work, it is important to acknowledge the uncertainty of their evidence base and to ensure that in their use they do no harm (primum non nocere). Psychological therapies are resource-and person-intensive, so the costs of therapy (both direct and opportunity) must be estimated and attempts made to ensure benefit is commensurate. In the future, psychological interventions that are more patient-led rather than professional-led could help reduce the financial burden on individuals and health services.
Clinicians interested in psychological therapies need to contribute to strengthening the evidence base either by recruiting their patients to ongoing trials of therapies or collaborating with their health service research and psychology colleagues to develop trials which are rigorously designed, well conducted and carefully reported.
Conclusions
Both clinicians and patients recognise that emotional stress precipitates and exacerbates asthma. However, patient's psychological status may itself affect their asthma control by impacting on adherence or self-care (e.g. use of medication, allergen avoidance).
Based on the current literature, no endorsement of psychological interventions in the care of patients with asthma can be made. Although some findings do indicate that psychological interventions can lead to improvements in various aspects of well-being, these findings are inconsistent and require confirmation in studies of better quality.
